First-principles and empirical pseudopotentials are used to study the effects of short-range and longrange atomic order on the electronic properties of III-V semiconductor alloys. The alloy structure with a given degree of long-or short-range order is modeled by two types of supercells: (a) 
II. METHODOLOGY
In this section we describe the main ideas behind the computational methods used in this work. Details are given in the Appendix, or published in archive form.
To calculate the electronic energy-level spectrum and wave functions of a disordered solid, we need (i) a structural model, which accurately simulates the chemical and positional disorder in the system, (ii) a Hamiltonian, which describes the electron dynamics in such structures, and (iii) a method for solving the Schrodinger equation. Our approach to (i), (ii), and (iii) will be described in Secs. IIA, IIB, and IIC, respectively. The structural and electronic models are combined in Sec. II D to provide This problem can be circumvented if one is interested in eigensolutions only in an "energy window" (e.g. , near the VBM and the CBM). In this case it is advantageous to use the alternative representation (H -E"t) g; =(e; -E"t) p (9) where c"f is a "reference energy" selected in advance. Fig. 2(a Fig. 2(c) ] that both the bowing and the mixing with higher energy levels is similar to I "[ Fig.2(a) ]. Figure 3 shows histograms of the cluster weights t0"[Eq.
(13)] measuring the probability to find a wave function on an A14 "Ga, cluster in the alloy. As the degree e of SRO increases, the number of both Ga& and A14 clusters increases in the alloy by the same amount, while the number of mixed clusters (n =1,2, 3) decreases (see the Appendix). Figure 3 shows that as SRO sets in, the wave functions at the conduction-band edge strongly localize on the Ga4 clusters, while the corresponding states in the random alloy are spread over all cluster types. Comparing the large SQS-N results with those of Fig. 3 
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Z, (x =-, ') (r") (Fig. 4) , the spectral density is strikingly different from that in the presence of SRO (Fig. 2) . In the fully ordered CuPt structure, the I 1, and folded I."strongly intermix and form two I "states of -50%%uo I "and -50% L"character. ' The spectral function A"c"p, (I,E) therefore has two peaks of about equal height [ Fig. 4(c cell (x =n /256), whereas for n =14 they are about 150 meV below their "parent states. " (ii) Although a single Ga4 cluster does not produce a bound state, a 6nite concentration of such clusters, present in our a= -, ' SQS, pushes the resonant levels down further, leading to a Ilike CBM in Alo 5Gao5As with wave-function localization on Ga-rich clusters (cf. Table IV and Fig. 3 ). Thus it is the existence of a finite concentration of small clusters embedded in the alloy medium ' that causes wavefunction localization and band tailing, much like in the substitutional alloy theory of Lifshitz. In Gao 5Ino 5P and Ala 5Ino 5As, in addition to purely chemical difFerences between the atomic (pseudo)potentials, the size mismatch between the cations leads to local strain in the crystal lattice. The lattice relaxation will considerably modify the perturbation intro- with respect to the random alloy can be large, i.e. , a few tenths of an eV, the mechanisms leading to the gap reduction are quite di8'erent. In the case of LRO, the gap reduction is the result of level repulsion between a small number of states that are coupled through the Fourier components of the ordering potential taken at the reciprocal lattice vectors of the fully ordered structure, whereas SRO has no translational symmetry. Moreover, the LRO-induced gap reduction increases monotonically with the LRO parameter q. In experiments relating the band-gap reduction to g, the presence of clustering needs to be taken into account as a possible source of a portion of band-gap narrowing. (v) We reported band gaps for CuPt-ordered AlGaAs2, GaInPz, and A1InAs2, which provide useful information for correlating optical data with the LRO parameter in partially ordered alloys.
(vi) Our results on bond lengths in random Gao 5Ino 5P are in excellent agreement with extended x-rayabsorption fine-structure measurements.
In clustered alloys, we find that cation-anion bond lengths deviate more from their zinc-blende value than in the random alloy, thus increasing the strain energy. In Gaa 5In0 5P the short Ga-P bond elongates relative to the random alloy value, while the longer In-P bond shortens. The quality of a SQS can be quantified in terms of Q" defined in Eq. (7) , which measures differences between Ilt(SQS) and the "ideal" (II&). In the case of SRO, the ideal pair-correlation functions are determined from Eq. (5), and in the case of LRO, they are determined from Eq. (6) . The weights w J. in Eq. (7) are chosen to be -(k~-2) m& = 2 m ', where k& is the number of vertices and m is the order of the largest shell in figure   f =(k&, m) . Including in Eq. (7) pair figures up to the seventh shell and nearest-neighbor triplets and quadruplets, we obtain quality coefficients Q, of 0.920, 0.000, 0.073, and 0.000 for the random SQS-8, SQS-16, SQS-108, and SQS-512, respectively. Note the excellent quality of a=O SQS-16, which is actually superior to the best SQS-108 (constrained to a unit cell of cubic shape) found by simulated annealin. g. Similar results apply for the nonrandom SQS's.
The number of tetrahedral A4 "8"(n =0, 1,2, 3,4) clusters in the a=O and a= -, ' SQS's is shown in Table V 
